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Description 

Field  of  the  Invention 

The  present  invention  relates  to  cardiostimulator  s 
devices  of  the  type  currently  known  as  "pacemaker". 

More  specifically,  the  invention  relates  to  pacemak- 
ers  of  the  so-called  "rate-responsive"  type,  in  which  the 
characteristics  of  the  stimulation  can  be  varied  in 
dependence  on  one  or  more  parameters  correlated  with  w 
the  physical  activity  of  the  person  to  whom  the  pace- 
maker  is  fitted. 

Description  of  the  Prior  Art 
15 

In  particular,  electrostimulator  devices  are  known  in 
the  art  which  are  controlled  by  the  venous  blood  tem- 
perature  (United  States  patent  4,726,383),  by  the  blood 
oxygen  saturation  (United  States  patent  4,807,629),  by 
the  respiratory  frequency  (United  States  patent  20 
4,567,892),  by  the  so-called  "minute  ventilation"  (United 
States  patent  4,596,251),  by  the  blood  p.H  (United 
States  patent  4,009,721),  or  by  vibrations  (typically  of 
the  order  of  5-50  Hz)  transmitted  to  the  pacemaker  dur- 
ing  physical  activity  (United  States  patent  4,428,378).  25 

Other  devices  available  on  the  market  utilise  the  low 
frequency  component  of  acceleration  (0-4  Hz)  charac- 
terising  the  movements  of  the  human  body  as  the 
parameter.  In  this  respect  reference  can  be  made,  for 
example,  to  United  States  patent  4,428,378  and  to  the  30 
corresponding  European  Patent  Application  0,080,348, 
or  yet  to  European  Patent  Application,  0,259,658. 

EP-A-0  383  732,  in  the  name  of  the  same  Appli- 
cant,  is  the  document  after  which  the  preamble  of  Claim 
1  was  patterned.  It  deals  essentially  with  an  arrange-  35 
ment  where  an  accelerometric  sensor  can  generate  a 
signal  indicative  of  the  activity  of  the  person  fitted  with 
the  stimulator  by  detecting  the  deformations  induced  by 
this  activity  in  the  shape  of  a  mass  of  mercury. 

Commercially  available  electrostimulators  based  on  40 
the  detection  of  accelerometric  signals  by  different 
methods  include  that  sold  by  Sorin  Biomedica  S.p.A 
under  the  trade  name  "SWING  100",  that  sold  by  C.P.I, 
under  the  trade  name  "EXCEL"  and  that  sold  by  Inter- 
medics  under  the  trade  name  "DASH".  In  devices  based  45 
on  vibrations  (5-50  Hz)  and  on  accelerations  (0-4  Hz), 
the  sensor  is  primarily  inserted  in  the  electrostimulator 
and  is  therefore  sensitive  solely  to  the  stresses  to  which 
the  whole  human  body  is  subject  and  is  entirely  insensi- 
tive  to  the  mechanical  phases  of  the  cardiac  cycle  in  the  so 
sense  that  the  systolic  and  diastolic  mechanical  cardiac 
cycle  has  absolutely  no  influence  on  the  sensor. 

Pacemakers  of  the  rate-responsive  type  also  exist 
in  which,  as  a  parameter  indicative  of  the  physical  activ- 
ity  of  the  person  to  which  it  is  fitted,  quantities  are  uti-  55 
lised  which  derive  from  stimulation  of  sympathetic  tonus 
which  increases  in  proportion  to  an  increase  in  physical 
activity  as  well  as  being  increased  by  the  effect  of  drugs 
and  emotional  stress. 

Other  rate-responsive  electrostimulators  are  known 
which  utilise  one  of  the  physiological  parameters  which 
vary  with  variations  in  sympathetic  tonus  stimulation  as 
the  signal  for  adjusting  and  controlling  the  frequency  of 
stimulation.  Such  parameters  are  of  electrocardiological 
type,  such  as  the  Q-T  interval  detected  as  the  time  inter- 
val  between  the  stimulating  impulse  and  the  T-wave,  the 
ventricular  depolarisation  gradient  and  others.  Parame- 
ters  derived  from  electrocardiological  and  cardiome- 
chanical  signals  have  also  been  used,  for  example,  the 
interval  between  the  electrical  stimulus  output  by  the 
pacemaker  and  the  mechanical  contraction  of  the  heart 
detected  by  methods  based  on  the  variation  in  imped- 
ance  between  electrodes  positioned  internally  and/or 
externally  of  the  cardiac  chamber.  Finally,  exclusively 
cardiomechanical  parameters  have  been  used,  such  as, 
for  example,  the  variations  in  volume  of  the  right  ventri- 
cle  and  its  contractility  deduced  from  the  first  derivative 
of  the  ventricular  volume,  where  the  volume  measure- 
ments  are  again  based  on  the  detection  of  impedance 
variations  between  intercardiac  electrodes. 

Furthermore,  the  maximum  value  of  the  first  deriva- 
tive  of  the  right  ventricular  pressure,  which  is  closely 
related  to  the  cardiac  contractility  and  which  requires  a 
pressure  sensor  in  correspondence  with,  or  contiguous 
to,  the  ventricular-stimulation  electrode  is  of  cardiome- 
chanical  type.  Such  parameters  and  their  associated 
methods  of  detection  are  utilised  in  various  electrostim- 
ulators  which  are  currently  on  the  market  or  in  an 
advanced  state  of  clinical  experimentation. 

For  example,  the  stimulators  sold  under  the  trade 
name  "PRISM"  by  the  company  Cordis  utilise  electro- 
cardiological  parameters  (ventricular  depolarisation 
gradient),  as  do  devices  sold  under  the  trade  names 
"QUINTECH"  and  "RHYTHMIX"  by  the  company  Vita- 
tron  (Q-T  interval).  Alternatively,  the  stimulator  sold 
under  the  trade  name  "PRECEPT"  by  the  company  CPI 
and  the  device  sold  under  the  trade  name  "INOS"  by 
Biotronic  utilise  a  parameter  of  the  electrocardiological- 
cardiomechanical  type  (pre-ejection  interval).  Finally,  in 
addition  to  the  product  "PRECEPT"  mentioned  above, 
the  device  sold  under  the  trade  name  "DELTATRAX"  by 
the  company  Medtronic  utilises  parameters  of  the  cardi- 
omechanical  type  (specifically,  the  so-called  "Stroke 
Volume"  is  used)  (dP/dt  max,  that  is  the  maximum  value 
of  the  first  temporal  derivative  of  the  right  ventricular 
pressure). 

It  should,  however,  be  noted  that  the  said  devices 
have  significant  limitations  in  practice. 

For  example,  for  measurement  of  the  time  intervals 
and  amplitudes,  apparatus  based  on  electrocardiologi- 
cal  or  electrocardiological-cardiomechanical  parame- 
ters  make  reference  to  the  cardiac  event  caused  by  the 
electrical  stimulation,  with  the  use  of  the  temporal 
phases  of  the  electrical  stimulation  pulse  as  a  refer- 
ence,  which  necessitates  autocalibration  when  the 
spontaneous  cardiac  activity  alternates  with  that  con- 
trolled  by  the  pacemaker. 

Apparatus  based  on  cardiomechanical  parameters, 
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such  as  the  volume  and  its  first  derivative  with  respect  to 
time,  are  limited  by  the  method  of  measurement  based 
on  the  impedance  variations  of  intracardiac  electrodes 
which  could  provide  reliable  parameters  only  on  the  clin- 
ically  impossible  hypothesis  of  a  right  ventricular  cavity 
which  can  be  represented  by  a  solid  of  rotation  with  the 
catheter  strictly  coincident  with  the  axis  of  rotation 
thereof. 

Finally,  the  measurement,  made  with  a  pressure 
sensor  positioned  close  to  the  ventricular-stimulation 
electrode,  of  the  maximum  value  of  the  first  derivative  of 
the  right  ventricular  pressure  as  an  index  of  contractility, 
demonstrates,  in  experimental  clinical  applications,  a 
limitation  due  to  the  possibility  of  the  sensor  becoming 
encapsulated  by  the  myocardiac  tissue  with  the  result 
that  the  precision  of  the  measurement  is  compromised 
since  this  must  take  place  with  the  sensor  membrane  in 
direct  contact  with  the  blood. 

Objects  and  summary  of  the  invention 

The  object  of  the  present  invention  is,  therefore,  to 
provide  a  cardiostimulator  device  which  is  capable  of 
overcoming  the  disadvantages  typical  of  the  prior 
known  arrangements  and,  in  particular: 

in  the  case  of  a  sensor  based  on  ventricular  pres- 
sure,  the  disadvantages  resulting  from  the  encap- 
sulation  of  the  pressure  sensor  in  the  myocardial 
tissue  or  from  contiguity  with  an  anatomic  structure 
in  rapid  movement,  which  can  cause  changes  in  the 
deformation  of  the  sensor  membrane  from  which 
the  pressure  signal  originates  and, 
in  the  case  of  measurement  by  methods  based  on 
the  variation  in  impedance  of  the  ventricular  ejec- 
tion  volume  of  its  derivative,  the  disadvantages 
resulting  from  the  lack  of  precision  or  false  signals 
induced  by  the  complex  structure  of  the  right  ven- 
tricular  cavity  and  by  the  relative  position  of  the 
electrode  being  different  from  that  hypothesized  for 
a  volume  of  a  solid  of  rotation  whose  axis  is  coinci- 
dent  with  the  catheter. 

According  to  the  present  invention,  this  object  is 
achieved  by  a  cardiostimulator  device  having  the  further 
characteristics  set  out  specifically  in  the  characterising 
portion  of  Claim  1  . 

In  summary,  the  cardiostimulator  according  to  the 
invention  is  based  on  the  idea  of  utilising  the  Natural 
Heart  Acceleration,  or  NHA,  as  the  physiological  param- 
eter  for  controlling  the  adaptation  of  the  stimulation 
characteristics  to  the  physical  activity. 

More  specifically,  the  present  invention  utilises, 
either  as  a  sole  reference  parameter  of  the  physical 
activity  or  as  one  of  the  parameters  associated  with  oth- 
ers,  the  acceleration  to  which  the  cardiac  mass  is  sub- 
jected  by  reaction  both  to  the  atrial  and  to  the  ventricular 
contractile  phases  of  the  heart,  measured  by  an  accel- 
erometric  sensor  positioned  in  one  of  the  cardiostimula- 

tor  electrodes  or  leads  inserted  in  the  chambers  of  the 
heart. 

This  sensor  can  be  made  by  any  available  technol- 
ogy:  for  example,  it  may  be  an  accelerometric  sensor  of 

5  piezoelectric  type,  piezoresistive,  capacitive,  inductive 
or  magnetic  (Hall  effect)  type  or  it  may  be  achieved  by 
an  evaluation  of  the  impedance  variations  in  a  conduc- 
tive  fluid  which  is  deformed  by  the  effect  of  the  acceler- 
ation. 

w  Depending  on  the  type  of  sensor  used  the  elec- 
tronic  preamplif  ication  will  or  will  not  be  performed  in  the 
body  of  the  electrode  which  contains  the  sensor  and,  as 
a  rule,  this  will  be  obligatory  in  the  case  of  sensors  hav- 
ing  a  high  output  impedance,  (greater  than  1  Meg- 

15  aohm),  as  for  example  in  piezoelectric  sensors.  The 
electronic  preamplification  circuit  will  naturally  be 
related  to  the  type  of  sensor  used  and  will  be  more  fully 
explained  below. 

20  Description  of  the  Appended  Drawings 

The  invention  will  now  be  described  purely  by  way 
of  non-limiting  example,  with  reference  to  the  appended 
drawings,  in  which: 

25 
Figure  1  is  a  partial  schematic  view  of  a  first 
embodiment  of  a  sensor  intended  to  be  used  in  a 
device  according  to  the  invention; 
Figure  2  is  a  schematic  view  of  a  second  embodi- 

30  ment  of  a  sensor  intended  to  be  used  in  a  device 
according  to  the  invention;  and 
Figure  3  comprises  three  superposed  diagrams 
with  corresponding  time  scales  indicated  a),  b)  and 
c)  respectively,  which  identify  three  typical  signals 

35  linked  to  cardiac  activity. 

Detailed  Description  of  the  Invention 

More  specifically,  Figures  1  and  2  illustrate  the  end 
40  part  or  tip  of  a  stimulation  electrode  or  catheter  (lead)  of 

a  cardiostimulator  device  of  the  rate-responsive  type. 
In  the  drawings,  the  electrode  is  indicated  with  the 

reference  number  1,  whilst  the  circuit  assembly  of  the 
cardiostimulator  device  is  generally  indicated  in  the  form 

45  of  an  operative  block  2. 
In  this  connection  it  should  be  noted  that  the  circuit 

assembly  2  can  be  made  in  accordance  with  widely  dif- 
ferent  technical  solutions:  the  whole  according  to  crite- 
ria  well  known  to  the  expert  in  this  art,  and  which  do  not 

so  therefore  need  to  be  explained  specifically  in  the 
present  description,  above  all  these  not  being  essential 
and/or  relevant  for  the  purposes  of  an  understanding  of 
the  invention. 

In  essential  terms,  the  electrode  1  ,  and  in  particular 
55  the  point  or  tip  illustrated  in  Figures  1  and  2,  comprises 

essentially  a  generally  tubular  insulating  sheath  3  of 
material  having  good  characteristics  of  biocompatibility. 
From  the  insulating  sheath  3  extend  a  plurality  of  tines  4 
for  fixing  the  electrodes  in  the  cardiac  tissue. 

3 
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Fitted  into  the  distal  end  of  the  sheath  3  is  a  stimu- 
lation  tip  5  of  metal  (for  example,  titanium  or  other  mate- 
rial  having  good  biocompatibility  characteristics) 
intended  to  perform  the  actual  stimulation  of  the  cardiac 
muscle.  Reference  6  indicates  a  rigid  metal  contain-  5 
ment  capsule  which  is  in  electrical  contact  with  the  tip  5 
and  with  a  conductor  7  which  conveys  the  stimulation 
signal  intended  to  be  applied  to  the  heart  from  the  cir- 
cuits  of  the  block  2. 

Preferably  the  conductor  7  is  connected  to  an  end  10 
wall  8  of  the  containment  capsule  6  facing  the  proximal 
end  of  the  electrode  1  .  For  this  purpose  the  end  wall  8 
has  a  cladding  9  of  ceramic  material  which  serves  as  a 
ceramic  passage  element. 

In  the  case  of  the  embodiment  of  Figure  1  ,  the  cap-  15 
sule  6  is  fitted  directly  into  the  stimulation  tip  5  in  electri- 
cal  contact  therewith.  More  specifically,  in  the 
embodiment  of  Figure  1  the  point  or  tip  5  is  of  approxi- 
mately  hemispherical  or  solid  dome  shape.  It  is  pro- 
vided  with  a  tubular  collar  10  which  engages  within  the  20 
sheath  3  and  houses  the  capsule  6,  which  is  pushed 
into  the  collar  10  until  it  bears  against  the  bottom  wall  of 
the  tip  5. 

In  the  embodiment  of  Figure  2  on  the  other  hand, 
the  capsule  6  is  located  at  a  certain  distance  from  the  tip  25 
5. 

In  this  case  the  collar  of  the  latter,  indicated  1  1  ,  may 
be  a  solid  cylinder  connected  by  a  conductor  12  to  the 
body  or  casing  of  the  capsule  6  which  is  located  at  a 
certain  distance  from  the  tip  5  within  the  sheath  3.  30 

With  the  arrangement  of  Figure  1  ,  the  tip  5  and,  in 
particular,  its  collar  10,  is  generally  larger  than  the  cap- 
sule  6  which  must  be  housed  within  the  collar  10. 

On  the  other  hand,  the  arrangement  of  Figure  2 
does  not  impose  specific  dimensional  limitations  on  the  35 
tip  5.  The  capsule  6  is  in  fact  spaced  from  this  so  that 
the  dimensions  of  the  tip  5  can  be  chosen  freely,  it  being 
made  smaller  in  dependence  on  the  specific  applica- 
tional  requirements  and  the  capsule  6  being  located 
instead  in  a  widened  intermediate  portion  of  the  sheath  40 
3  which  will  therefore  have  a  general  swelling  or  entasis. 

In  both  embodiments,  within  the  capsule  6  (which, 
as  has  been  mentioned,  is  rigid  and  therefore  substan- 
tially  indeformable),  is  an  accelerometric  sensor  ele- 
ment  13  which  is  connected  to  the  circuit  block  2  45 
through  a  conductor  14  which  extends  from  the  capsule 
6  through  the  sheath  3. 

As  already  mentioned,  the  sensor  13  can  be  an 
accelerometric  sensor  formed  by  any  available  technol- 
ogy:  piezoelectric,  piezoresistive,  capacitive,  inductive,  so 
magnetic  (for  example,  Hall  effect)  or  else  formed 
through  evaluation  of  impedance  variations  in  a  conduc- 
tive  fluid  which  is  deformed  by  the  effect  of  the  acceler- 
ation. 

This  sensor  has  associated  with  it,  preferably  within  ss 
the  capsule  6  an  electronic  preamplification  and  amplifi- 
cation  network  (which  can  be  obtained  using  current  cir- 
cuit  integration  technology),  adapted  to  the  type  of 
sensor  used. 

For  example,  in  the  case  of  a  piezoelectric  type 
accelerometric  sensor,  a  so-called  voltage  follower,  or 
rather  a  so-called  load  amplifier,  could  be  used.  In  the 
case  of  piezoresistive  sensors,  or  those  based  generally 
on  variations  in  impedance,  it  may  be  necessary  to  sup- 
ply  the  transducer  with  dc  (continuous  or  pulsed)  and  to 
amplify  the  voltage  developed  across  the  terminals  of 
the  transducer  itself. 

In  each  case,  the  accelerometric  sensor  13  is  dis- 
posed  in  a  substantially  indeformable  capsule  located 
on  the  electrode  1  which  is  intended  to  be  fitted  within 
the  cardiac  mass  so  as  to  be  naturally  sensitive  to  the 
Natural  Heart  Acceleration  (NHA). 

The  variation  in  this  parameter  (measured  in  g)  is 
illustrated  schematically  in  the  diagram  of  Figure  3c),  in 
comparison  with  corresponding  signals  of  aortic  pres- 
sure  (in  mm  of  mercury  -  Figure  3a)  and  left  ventricular 
pressure  (again  in  mm  of  mercury  -  Figure  3b)  meas- 
ured  on  a  natural  heart.  All  this  is  in  the  terms 
described,  for  example,  in  the  article  "Characterisation 
of  Natural  and  Total  Artificial  Heart  Acceleration"  by 
Pantalos,  Kim,  Robinson,  Everett  and  Olsen  published 
in  volume  XXV  of  the  Transactions  of  the  American 
Society  Artificial  Internal  Organs  1989.  Similar  data 
have  been  detected  experimentally  by  the  Applicant  for 
the  purpose  of  demonstrating  the  variations  in  the  max- 
imum  NHA  caused  by  a  drug  ("Dopamine")  which  has  a 
stimulating  effect  on  cardiac  contraction  which  simu- 
lates  physical  activity. 

The  substantial  advantage  demonstrated  by  the 
solution  of  the  invention  compared,  for  example,  with 
solutions  based  on  the  detection  of  the  temporal  deriva- 
tive  of  cardiac  pressure  is  the  absolute  insensitivity  of 
the  acceleration  sensor  1  3  to  deformations  or  compres- 
sions  which  may  be  caused  by  the  cardiac  tissue.  On 
the  contrary,  it  differs  from  pressure  sensors  which  must 
necessarily  have  a  part  which  is  deformable  under  pres- 
sure,  in  that  acceleration  sensors  needing  to  be  sensi- 
tive  solely  to  inertial  forces,  can  be  located  in  an  entirely 
rigid  capsule  (the  capsule  6)  constituting  an  integral  part 
of  an  electrode  or  catheter  inserted  in  the  ventricle  or  in 
the  right  atrium. 

The  sensor  13  is  thus  entirely  insensitive  to  the 
pressure  in  the  ventricle  or  the  right  atrium  or  to  move- 
ments  and  deformations  of  the  myocardial  wall,  and  to 
pressure  which  the  cardiac  wall  can  exert,  particularly 
on  the  distal  electrode. 

On  the  other  hand,  in  arrangements  which  require 
the  provision  of  a  deformable  membrane  so  as  to 
achieve  a  transducing  action  on  the  blood  pressure  or 
on  the  force  exerted  by  the  tissues  during  contraction 
against  the  sensor,  any  alteration  in  the  working  condi- 
tions  of  this  deformable  membrane  (such  as  those  con- 
sequent  on  an  encapsulation  of  the  sensor  by  part  of 
the  cardiac  tissue)  causes  an  undesirable  change  in  the 
function  of  the  sensor,  and  therefore  in  the  stimulation 
action,  which  is  difficult  to  predict. 

It  should,  moreover  noted  that  the  pressure  signal, 
which  represents  the  useful  signal  for  the  said  known 
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prior  art  sensors,  is  not  used  in  any  way  for  measuring 
NHA.  This  is  because,  in  these  sensors  based  on  the 
detection  of  the  pressure  signal,  the  useful  signal  is 
derived  from  the  detection  of  the  blood  pressure  or,  in 
any  case,  from  the  detection  of  a  force  applied  directly 
by  the  myocardium  to  a  membrane  which,  upon  deform- 
ing,  activates  a  transducer  (piezoelectric,  piezoresistive, 
etc). 

Contrary  to  this,  in  the  arrangement  of  the  inven- 
tion,  the  transducer  is  completely  isolated  from  its  sur- 
rounding  environment  and  the  force  which  acts  on  it 
derives  solely  from  the  inertial  force  applied  by  a  mass 
positioned  within  the  capsule,  directly  on  the  sensitive 
element  which  is  constituted  by  an  electrode  which  is 
connected  to  the  cardiac  tissue  and,  in  fact,  very  often 
encapsulated  thereby  (a  phenomenon  which  in  the 
arrangement  of  the  invention  does  not  cause  any  prob- 
lems). 

The  arrangement  of  the  invention  thus  makes  it 
possible  to  measure,  in  a  particularly  precise  and  relia- 
ble  manner,  the  acceleration  to  which  the  cardiac  mass 
is  subjected  as  a  reaction  to  any  contractions  whatso- 
ever,  whether  left  or  right  atrial,  or  combined  ventricular 
contractions.  Under  this  aspect,  given  the  fact  that  the 
magnitude  of  the  reaction  of  the  cardiac  mass  (that  is,  in 
practice,  the  NHA)  is  correlated  to  the  speed  and  vol- 
ume  both  of  the  atrial  and  ventricular  ejection  in  different 
phases,  one  deduces  that  this  parameter  provides  very 
much  further  and  more  interesting  indications  of  the 
physical  activity  of  the  person  fitted  with  the  device  than 
is  provided  by  the  detection  of  a  pressure  signal. 

This  means  that  a  sensor  based  on  the  present 
invention  lends  itself  particularly  well  to  being  used  as  a 
sole  signal  source  for  modulation  of  the  stimulation 
characteristics.  Naturally  this  does  not  exclude  the  pos- 
sibility  that  a  device  of  the  invention  could  have  other 
sensor  elements  associated  therewith  for  detecting 
other  physiological  parameters  for  modulating  the  stim- 
ulation  characteristics. 

In  particular,  the  circuit  block  2  (which  constitutes 
the  body  of  the  pacemaker  itself)  can  be  configured  (in 
a  manner  known  per  se)  so  as  to  measure,  and  possibly 
process,  as  more  fully  explained  below,  the  natural  car- 
diac  acceleration  signal  measured  in  the  right  ventricle, 
in  the  right  atrium  or  in  both  cavities  simultaneously. 

The  signal  in  question  can  be  processed  in  several 
different  ways  such  as,  for  example,  by  identifying  its 
peak  value  or  else  by  calculating  its  average  value  and, 
in  general,  in  such  a  way  as  to  achieve  all  the  mathe- 
matical  processing  capable  of  having  a  significance  with 
regard  to  effecting  the  stimulation,  such  as,  for  example 
the  possibility  of  identifying  in  a  single  NHA  signal  the 
accelerometric  characteristics  of  the  systolic  phases  of 
both  the  atrium  and  the  ventricle. 

The  arrangement  of  the  invention  can  be  applied  to 
any  type  of  implant  device  which  can  correct  cardiac 
arhythmia,  including  therefore  in  this  group  single- 
chamber  stimulation  pacemakers,  twin-chamber  pace- 
makers,  pacemakers  for  control  of  tachycardia  and 

implantable  defibrillators.  In  particular,  the  invention  can 
be  used  for  electrostimulators  which  regulate  the  fre- 
quency  and  the  manner  of  stimulation  by  synchronizing 
themselves  with  the  spontaneous  activity  of  the  atrium 

5  and/or  of  the  ventricle  by  processing  an  NHA  signal 
which  includes  the  effects  both  of  the  ventricular  and  the 
atrial  contraction. 

Naturally,  the  principle  of  the  invention  remaining 
the  same,  the  details  of  construction  and  the  embodi- 

10  ments  can  be  varied  widely  with  respect  to  what  has 
been  described  and  illustrated,  without  departing  from 
the  scope  of  the  present  invention. 

Claims 
15 

1.  A  cardiostimulator  device  (1,2)  of  the  rate-respon- 
sive  type,  in  which  the  development  of  the  stimula- 
tion  (5)  is  correlated  to  an  accelerometric 
parameter  detected  in  the  wearer,  characterised  in 

20  that  it  includes  at  least  one  electrode  (1)  intended  to 
be  inserted  in  the  cardiac  mass,  as  well  as  an 
accelerometric  sensor  (1  3)  associated  with  the  said 
electrode  (1)  so  as  to  be  sensitive  to  the  accelera- 
tion  to  which  the  cardiac  mass  is  subjected  during 

25  the  contractile  phases  of  the  heart,  whereby  said 
acceleration  (NHA)  constitutes  said  parameter. 

2.  A  cardiostimulator  device  according  to  claim  1, 
characterised  in  that  the  said  accelerometer  sensor 

30  (13)  is  mounted  on  the  said  at  least  one  electrode 
(1)  . 

3.  A  cardiostimulator  device  according  to  any  one  of 
the  preceding  claims,  characterised  in  that  it 

35  includes  means  (2)  for  controlling  the  variation  in 
the  said  stimulation  function  and  in  that  the  control 
means  (2)  are  piloted  solely  in  dependence  on  the 
signal  indicative  of  the  said  acceleration  (NHA). 

40  4.  A  cardiostimulator  device  according  to  any  of 
Claims  1  or  2,  characterised  in  that  it  includes 
means  (2)  for  controlling  the  variation  in  the  said 
stimulation  function  and  in  that  said  control  means 
(2)  are  piloted  in  dependence  on  the  signal  indica- 

45  tive  of  the  said  acceleration  (NHA)  together  with  at 
least  one  other  parameter  indicative  of  the  physical 
function  of  the  wearer. 

5.  A  cardiostimulator  device  according  to  any  one  of 
so  Claims  1  to  4,  characterised  in  that  it  includes 

means  (2)  for  processing  the  said  signal  indicative 
of  said  acceleration,  capable  of  carrying  out  at  least 
one  of  the  processing  functions  chosen  from  the 
group  constituted  by: 

55 
identification  of  the  peak  value  of  the  said  natu- 
ral  heart  acceleration  (NHA), 
calculation  of  the  average  value  of  the  said  nat- 
ural  heart  acceleration  (NHA), 
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identification  in  a  single  natural  heart  accelera- 
tion  signal  of  the  accelerometric  characteristics 
of  both  the  atrial  and  ventricular  systolic 
phases. 

5 
6.  A  cardiostimulator  device  according  to  any  one  of 

the  preceding  claims,  characterised  in  that  it 
includes  means  (2)  for  processing  the  said  signal 
indicative  of  said  acceleration  configured  in  such  a 
way  as  to  detect  the  signal  indicative  of  the  said  10 
acceleration  detected  in  the  right  ventricle,  in  the 
right  atrium  or  simultaneously  in  both  the  said  car- 
diac  cavities. 

7.  A  device  according  to  any  one  of  the  preceding  15 
claims,  configured  as  a  cardiostimulator  selected 
from  the  group  constituted  by:- 

single-chamber-stimulation  cardiostimulators, 
twin-chamber-stimulation  cardiostimulators,  20 
cardiostimulators  for  control  of  tachycardia, 
and 
implantable  defibrillators. 

Patentanspruche  25 

1.  Taktempfindlicher  Herzschrittmacher  (1,  2),  bei 
dem  die  Entwicklung  der  Stimulation  (5)  mit  einem 
Akzelerations-Parameter  korreliert  wird,  der  vom 
Trager  erfaBt  wird,  dadurch  gekennzeichnet,  da  6  30 
der  Herzschrittmacher  mindestens  eine  in  die  Herz- 
masse  eingesetzte  Elektrode  (1),  sowie  einen 
Akzelerationssensor  (13)  aufweist,  der  mit  dieser 
Elektrode  (1)  zusammenwirkt,  urn  die  Akzeleration 
zu  erfassen,  der  die  Herzmasse  wahrend  der  Kon-  35 
traktionsphase  des  Herzens  ausgesetzt  ist,  wobei 
die  Akzeleration  (NHA)  diesen  Parameter 
bestimmt. 

2.  Herzschrittmacher  nach  Anspruch  1,  dadurch  40 
gekennzeichnet,  da  6  der  Akzelerationssensor 
(13)  an  dieser  zumindest  einen  Elektrode  (1)  mon- 
tiert  ist. 

3.  Herzschrittmacher  nach  einem  der  vorhergehen-  45 
den  Anspruche,  dadurch  gekennzeichnet,  daB 
der  Herzschrittmacher  Mittel  (2)  zur  Steuerung  der 
Anderung  in  der  Stimulationsfunktion  aufweist  und 
daB  die  Steuerung  (2)  lediglich  in  Abhangigkeit  vom 
von  der  Akzeleration  (NHA)  indizierten  Signal  so 
beeinfluBt  ist. 

4.  Herzschrittmacher  nach  einem  der  Anspruche  1 
oder  2,  dadurch  gekennzeichnet,  daB  der  Herz- 
schrittmacher  Mittel  (2)  zur  Steuerung  der  Ande-  ss 
rung  in  der  Stimulationsfunktion  aufweist  und  daB 
die  Steuerung  (2)  in  Abhangigkeit  vom  von  der 
Akzeleration  (NHA)  indizierten  Signal  zusammen 
mit  mindestens  einem  anderen  von  der  physikali- 

schen  Funktion  des  Trager  indizierten  Parameter 
beeinfluBt  ist. 

5.  Herzschrittmacher  nach  einem  der  Anspruche  1  bis 
4,  dadurch  gekennzeichnet,  daB  der  Herzschritt- 
macher  Mittel  (2)  zur  Verarbeitung  des  von  der 
Akzeleration  indizierten  Signal  aufweist,  die  zur 
Durchfiihrung  mindestens  einer  Verarbeitungsfunk- 
tion  geeignet  ist,  die  aus  der  Gruppe  bestehend 
aus: 

Identifikation  des  Spitzenwertes  der  naturli- 
chen  Herz-Akzeleration  (NHA), 
Berechnung  des  Durchschnittswertes  der 
natiirlichen  Herz-Akzeleration  (NHA) 
Identifikation  der  akzelerometrischen  Charak- 
teristikder  atrialen  und  der  ventrikularen  systo- 
lischen  Phase  in  einem  einzelnen  natiirlichen 
Herz-Akzelerations-Signal. 

ausgewahlt  ist. 

6.  Herzschrittmacher  nach  einem  der  vorhergehen- 
den  Anspruche,  dadurch  gekennzeichnet,  daB 
der  Herzschrittmacher  Mittel  (2)  zur  Verarbeitung 
des  durch  die  Akzeleration  indizierten  Signales  auf- 
weist,  das  in  der  Weise  gestaltet  ist,  das  daB 
erfaBte  Signal  indikativ  fur  die  Akzeleration  ist,  die 
in  der  rechten  Ventrikel,  im  rechten  Atrium  oder 
gleichzeitig  in  diesen  beiden  Herzkammern  erfaBt 
wird. 

7.  Einrichtung  nach  einem  der  vorhergehenden 
Anspruche,  die  als  ein  Herzschrittmacher  aus  einer 
Gruppe  gestaltet  ist,  die  wie  folgt  zusammenge- 
setzt  ist: 

Einkammer-Stimulations  Herszschrittmacher, 
Zwei-Kammer-Stimulations  Herzschrittmacher, 
Herzschrittmacher  zur  Steuerung  der  Tachy- 
kardie,  und 
implantierbare  Defibrillatoren. 

Revendications 

1.  Dispositif  formant  stimulateur  cardiaque  (1,  2)  du 
type  rate-responsive,  dans  lequel  le  developpe- 
ment  de  la  stimulation  (5)  est  correle  a  un  parame- 
tre  de  I'accelerometre  detecte  chez  le  patient, 
caracterise  en  ce  qu'il  comprend  au  moins  une 
electrode  (1)  prevue  pour  etre  inseree  dans  la 
masse  cardiaque,  ainsi  qu'un  capteur  accelerome- 
tre  (13)  associe  a  ladite  electrode  (1)  de  maniere  a 
etre  sensible  a  I'acceleration  a  laquelle  est  soumise 
la  masse  cardiaque  pendant  les  phases  contracti- 
les  du  coeur,  ladite  acceleration  (acceleration  car- 
diaque  naturelle)  constituant  ledit  parametre. 

2.  Dispositif  formant  stimulateur  cardiaque  selon  la 

6 



11  EP  0  515  319  B1  12 

revendication  1  ,  caracterise  en  ce  que  ledit  capteur 
accelerometre  (13)  est  fixe  sur  ladite  au  moins  une 
electrode  (1). 

3.  Dispositif  formant  stimulateur  cardiaque  selon  I'une  s 
quelconque  des  revendications  precedentes, 
caracterise  en  ce  qu'il  comprend  des  moyens  (2) 
pour  commander  la  variation  de  ladite  fonction  de 
stimulation  et  en  ce  que  les  moyens  de  commande 
(2)  sont  pilotes  uniquement  en  fonction  du  signal  10 
indiquant  ladite  acceleration  (acceleration  cardia- 
que  naturelle). 

4.  Dispositif  formant  stimulateur  cardiaque  selon  I'une 
quelconque  des  revendications  1  ou  2,  caracterise  is 
en  ce  qu'il  comprend  des  moyens  (2)  pour  com- 
mander  la  variation  de  ladite  fonction  de  stimulation 
et  en  ce  que  lesdits  moyens  de  commande  (2)  sont 
pilotes  en  fonction  du  signal  indiquant  ladite  accele- 
ration  (acceleration  cardiaque  naturelle)  avec  au  20 
moins  un  autre  parametre  indiquant  la  fonction  phy- 
sique  du  patient. 

5.  Dispositif  formant  stimulateur  cardiaque  selon  I'une 
quelconque  des  revendications  1  a  4,  caracterise  25 
en  ce  qu'il  comprend  des  moyens  (2)  pour  traiter 
ledit  signal  indiquant  ladite  acceleration,  permettant 
d'effectuer  au  moins  une  des  fonctions  de  traite- 
ment  choisies  dans  le  groupe  constitue  par: 

30 
I'identification  de  la  valeur  maximale  de  ladite 
acceleration  cardiaque  naturelle, 
le  calcul  de  la  valeur  moyenne  de  ladite  accele- 
ration  cardiaque  naturelle, 
I'identification,  dans  un  seul  signal  d'accelera-  35 
tion  cardiaque  naturelle,  des  caracteristiques 
de  I'accelerometre  des  deux  phases  systoli- 
ques  auriculaire  et  ventriculaire. 

6.  Dispositif  formant  stimulateur  cardiaque,  selon  40 
I'une  quelconque  des  revendications  precedentes, 
caracterise  en  ce  qu'il  comprend  des  moyens  (2) 
pour  traiter  ledit  signal  indiquant  ladite  acceleration, 
configures  de  maniere  a  detecter  le  signal  indiquant 
ladite  acceleration  detectee  dans  le  ventricule  droit,  45 
dans  I'oreillette  droite  ou  simultanement  dans  les 
deux  dites  cavites  cardiaques. 

7.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  configure  sous  forme  d'un  sti-  so 
mulateur  cardiaque  selectionne  dans  le  groupe 
constitue  par: 

des  stimulateurs  cardiaques  a  une  seule  cham- 
bre  ;  ss 
des  stimulateurs  cardiaques  a  deux  chambres; 
des  stimulateurs  cardiaques  pour  le  controle 
de  la  tachycardie,  et 
des  defibrillateurs  pouvant  etre  implantes. 
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